More than 20 years ago, biochemical analysis of the eukaryotic cell cytoskeleton revealed the major component proteins. The heterodimeric (α/β) protein tubulin was defined as the building block of microtubules, assembled in a polar manner into specifically arranged protofilaments in the microtubule wall [1] .
The next two members of the tubulin protein superfamily were both discovered by genetic means -γ tubulin in Aspergillus [2] and δ tubulin in Chlamydomonas [3] . The γ tubulin is essential for microtubule function and is located in centroso mes and other microtubuleorganising centres [4] . The δ tubulin is encoded by the UNI3 gene in Chlamydomonas and a uni3-1 mutation resulted in flagellar basal bodies that possess doublet rather than triplet microtubules [3] . These four members of the tubulin superfamily can be characterised by their distinct intracellular locations and expression patterns, which are reflected in unique sequence characteristics.
The large number of tubulin sequences available in current databases, coupled with the considerable divergence of those sequences, complicates the task of reliable identification and characterisation of tubulin family members. During the Saccharomyces cerevisiae genome project, sequencing revealed the presence of a tubulin gene that was only around 30% identical to the yeast α and β tubulins. This Tub4 protein was conjectured to be a novel tubulin rather than an α, β or γ tubulin [5] . However, subsequent analysis of the completed S. cerevisiae genome and molecular and biochemical studies have led to an accepted view that Tub4 is the budding yeast γ tubulin [4] . Consequently, it has been suggested that caution is required in using certain types of sequence analysis methods to classify novel tubulin sequences [6] .
Within the genome of the protozoan parasite Trypanosoma brucei, the genes for α and β tubulin exist as a cluster of repeated α/β pairs [7] . Recently, we identified the single γ tubulin gene in T. brucei [8] . We then conducted a search by PCR and other means for the presence of the T. brucei homologue of δ tubulin. To our surprise, after we cloned the T. brucei δ tubulin homologue, we also identified two new divergent tubulin-like sequences. The general features can be readily visualised in the automatically generated alignment illustrated in Figure 1 . Both of these new sequences are also present within the T. brucei genome project databases at the Sanger Centre and TIGR as partial or complete sequences (see Figure 1) .
Although it was possible to conclude from sequence database searches using BLAST [9] , and from searches of pattern databases such as PROSITE [10] , that these sequences were likely to encode tubulins, inference of specific family membership was difficult. In contrast to the S. cerevisiae Tub4 debate, all four members of the tubulin superfamily α, β, γ and δ had been identified in T. brucei. It seemed possible, therefore, that these other sequences represented new superfamily members. Accordingly, we used the technique of protein fingerprinting used to create the PRINTS pattern database [11] to discover whether a more discriminatory approach might be able to provide analytical tools capable of distinguishing particular tubulin family members. Fingerprinting is a multiple-motif iterative process that commences with sequence alignment and excision of conserved regions. Diagnostic performance is enhanced by iterative database scanning and the motifs 'mature' with each database pass, as more sequences are matched and assimilated into the process. A generic fingerprint was created for the tubulin superfamily, then specific fingerprints for α, β, γ and δ tubulins [12] .
We challenged the tubulin fingerprints for their stringency and accuracy in a number of ways. For instance, the γ tubulin fingerprint unequivocally confirmed the previously debated divergent γ tubulins from S. cerevisiae and Caenorhabditis elegans as γ tubulin members (E = 9.0 × 10 -21 and 9.9 × 10 -26 respectively). The fingerprint analysis also clearly assigned both of the two novel T. brucei sequences as independent new members of the tubulin superfamily. For one of these novel genes, the bioinformatics approach independently confirmed this sequence and the mammalian homologue as ε tubulin, for which biochemical evidence has been recently announced [13] .
Bioinformatics analysis of the other novel sequence confirms that it, too, is a member of the tubulin superfamily, but does not belong to an existing grouping, nor to the FtsZ grouping, for which a fingerprint has also been developed [12] . We conclude, therefore, that this form of sequence analysis is likely to prove extremely useful in future analyses of the tubulin superfamily and that the sixth T. brucei sequence is likely to represent a new member, ζ (zeta) tubulin.
So far, δ tubulin homologues have now been identified in mammals, green algae and kinetoplastid protozoa, ε tubulin in mammals and kinetoplastid protozoa and ζ tubulin in kinetoplastid protozoa (ζ tubulin is also present in Leishmania major; GenBank accession number AL133468). What might be the reason behind the absence in yeast and certain other organisms of these, and maybe yet other, new tubulins? We look forward to full functional characterisation [6] . However, it is intriguing to note that, at present, possession of these new tubulin genes (δ, ε and ζ) in the genome correlates reasonably well with the expression of a triplet microtubule basal body and a 9 + 2 microtubule axoneme. The editors of Current Biology welcome correspondence on any article in the journal, but reserve the right to reduce the length of any letter to be published. All Correspondence containing data or scientific argument will be refereed. Items for publication should either be submitted typed, double-spaced to: The Editor, Current Biology, Elsevier Science London, 84 Theobald's Road, London WC1X 8RR, UK, or sent by electronic mail to cbiol@current-biology.com
